Abstract. The large Zeya hydropower dam is located on the Zeya River, the largest left-bank tributary of the Amur-Heilong River in Russia. The dam had been constructed by 1980 and its operation has significantly transformed the flow regime of the Zeya River. The flow regulation has reduced the magnitude of periodic flooding of the floodplain areas located downstream from the Zeya dam and disrupted habitats of flora and fauna. An estimation of the transformation of the freshwater ecosystems is required to develop measures necessary either to maintain or restore disrupted ecosystems. Application of remote sensing methods allows measuring characteristics of the ecosystem's components. Two sections of a floodplain below the Zeya dam were considered for analysis in order to detect changes in objects at each site during the comparison of remote data from 1969/1971 and 2016. 
Introduction
The Amur-Heilong River, one of the ten largest rivers on Earth, flows in Northeast Asia through Mongolia, China and Russia. The large-scale Zeya hydropower dam is located on the Zeya River which is the largest left-bank tributary of the Amur-Heilong in the Russian Far East. The location of the basin and the dam are shown in Fig. 1 . The construction of the Zeya dam began in 1964, the reservoir created by the dam was filled between 1974 and 1980.
The environmental consequences of large dams include changes of hydrological regime and sediment runoff, fragmentation of the basin, flooding of lands and transformation of the natural ecosystem dynamics in the areas located upstream and downstream of dams (Nilsson et al., 2005; Dams and Development, 2000) . River damming provides a considerable impact on downstream freshwater ecosystems in many cases extending for hundreds of kilometres below a dam (Richter and Thomas, 2007; Podolsky et al., 2006) . The territory affected by the Zeya dam comprises biologically diverse areas which depend upon the hydrological regime of the floodplain (Simonov et al., 2016; Nikitina et al., 2015) . Sections of the Zeya's floodplain are important stopovers for migratory birds along their routes (Simonov and Dahmer, 2008) . Wetlands of the Muraviovka Park for Sustainable Land Use are included in the List of Wetlands of International Importance (the Ramsar List); they are affected by the flow regimes of the Amur and Zeya rivers (Smirenski, 2016) .
Periodic flooding of the floodplain is an essential ecohydrological indicator of both the flow regime and the quality and productivity of floodplain areas (Fashchevsky, 2007) . The flow regulation has reduced the magnitude of periodic flooding of the floodplain areas located downstream from the Zeya dam and has also disrupted habitats of flora and fauna. As shown in Fig. 2 , under natural conditions, small floods used to occur almost annually at the Belogorye stream gauge located 617 km downstream. These used to last anything from 19 to 58 days. However, under flow regulation, floods have now practically disappeared. Reduction of maximum flow magnitude and duration leads not only to the degradation of freshwater habitats and floodplain's ecosystems but also to changes in the composition of vegetation. The extent of changes depends on the degree of river flow regulation, specifically on the level, time and duration of natural floods and released water from reservoirs (Fashchevsky, 2007) .
An estimation of the transformation of the freshwater ecosystems is required to develop measures necessary either to maintain or restore disrupted ecosystems. The application of remote sensing methods allows us to estimate the characteristics of the components of the ecosystem (Dorber et al., 2018; Kravtsova, 1995) . These characteristics can serve as a basis for an assessment of changes in the freshwater ecosystems.
The research aims to identify and analyse the trend and intensity of changes in the components of the floodplain located below the Zeya dam when they are exposed to its impact. The initial assumption is that flow regulation by the dam has had a decisive effect on the changes in the ecosystems. Other possible and additional factors affecting transformation of the ecosystems include climate change, development of agriculture and fires. 
Materials and methods
The methodology involves estimation of spatiotemporal changes of components located within the wide floodplain of the Zeya River downstream from the dam. Due to its size, the wide floodplain serves as a habitat for numerous species of birds, fish and other animals; it is crucial to the biodiversity of the freshwater ecosystem. Expert interpretation using 1 : 100 000 topographic maps revealed the borders of the floodplain where flooding rarely occurs (approximately once in fifty years) (Egidarev, 2012; Farr et al., 2000) . Two sections of a wide floodplain located below the Zeya dam were considered during the analysis as shown in Fig. 3 . The first section is located in the immediate vicinity of the Zeya dam; its length is 140 km with a maximum width of 17 km. The second section begins 350 km away from the dam of the Zeya hydropower station below the confluence of the Selemdzha River (the Zeya's biggest tributary) and ends in the estuary of the Zeya; the length of the section is 200 km, its maximum width being 23 km.
With the use of ArcGIS 10.5 software and remote imageries, two thematic layers that are demonstrated in Fig. 4 have been created. These layers represent both archive (1969/1971) and contemporary (2016) pictures with a scale of 1 : 50 000, reflecting the structure and changes of the land cover in two sections of the wide floodplain located downstream from the Zeya dam.
The retrospective state is represented by archival imageries from missions flown by the CORONA, ARGON and LANYARD satellite systems. Mosaics are collected from im- 
Preliminary results
The interpretation of both archive and contemporary images revealed different water conditions: 2016 was a wet year compared with 1969 and 1971, with increased river inflow into the Zeya below the dam; the difference is pronounced in the second section of the floodplain in the lower reaches of the Zeya. Table 1 presents data on the total area of the objects and the changes which occurred to the sections of a wide floodplain in 1969-2016. The area of the objects under the natural flow regime (in 1969/1971) Examples of the changes in the floodplain objects. Red circles mark the differences detected for water bodies: (a) a river channel that has become a chain of oxbow lakes; the surface area of the lakes has been reduced in the Floodplain Section 1; (b) the surface area of the lakes has been reduced in the Floodplain Section 2.
Change of objects in the Floodplain Section 1
The surface area of the floodplain and oxbow lakes has reduced from 950 to 617 hectares (35 %). Supposedly, the main reason for this reduction is the absence of periodic flooding in the floodplain due to river flow regulation by the Zeya dam combined with the reduced level and duration of natural floods. Another additional factor could be climate change. A comparison of regional trend estimates for the two periods 1976-2006 and 1976-2012 has revealed a trend of temperature rise (+0.44 • C/10 years) in the Amur region; however, this trend is statistically insignificant at a level of 5 %. The average amounts of precipitation for the periods of 1936-2010 and 1976-2010 demonstrate that the areas with trends of decreasing annual and summer precipitation predominate in the Amur region but the percentage of their decrease is insignificantly small (Katsov et al., 2014) . These remarks are consistent with the assumption that climate change has not been the principal reason for changes in the floodplain objects.
Water discharges at the lower reaches of the Zeya dam in wet season of 2016 were lower than the water discharges observed under the natural (little disrupted) flow regime in 1969. This is typical of regulated flow regime of Zeya and explains the reduced area of the Zeya River's main channel in 2016. Small tributaries and river branches within the floodplain were also reduced by 2016 with some of them changing from a continuous stream into a chain of oxbow lakes.
The meadows area has increased from 33.7 to 38.8 thousand hectares. This is mainly due to previously farmed but currently abandoned agricultural fields being turned into meadows. The forest area of the floodplain has seen a 70 % growth from 3.2 to 5.5 thousand hectares. It confirms the thesis of Martynov (2013) that changes in flood regime, or disappearance of floods lead to an acceleration of vegetation fluctuations in the floodplain, ultimately resulting in the emergence of forests or steppe meadows. The scrubs and trees area has been reduced from 4 to 3.1 thousand hectares; some of these objects have turned into forests. The settlements area has grown from 1.9 to 2.1 thousand hectares. A comparison between contemporary and archive images has revealed a significant reduction of farmed lands area from 14.6 to 9.0 thousand hectares. This is due to the active development of virgin lands in 1954-1965 that was undertaken to increase grain production when large areas of such lands were ploughed in the various states of the former Soviet Union. This included the Russian Far East, the Zeya's floodplain being amongst them. Floodplains typically boast fertile land with high crop capacity which makes them highly suitable for efficient agriculture. The expansion of farmed land area for soya growth continued throughout the period under consideration (i.e. 1969/1971) . The crisis which began in the 1980s has led to a reduction of the farmlands revealed during the analysis.
Change of objects in the Floodplain Section 2
2016 was a wet year compared to 1969: the tributaries flowing into the Zeya were abundant forming wetlands in some of the mouth sections. This explains the 7.2 % increase in the rivers' water surface: even given the regulation of the Zeya flow higher upstream, high water discharges were noted compared to the unaltered flow regime of 1969. Obviously in its lower reaches, the Zeya is less dependent on the hydropower station's operating mode due to the effect of the large freeflowing tributary -the Selemdzha which flows into the Zeya at the beginning of the floodplain section. At the same time, the smaller floodplain streams have reduced which indicates changing overall flooding conditions in the floodplain.
The water surface of the lakes has seen a 43 % drop from 5.1 to 2.9 thousand hectares; the wetland area -a 36 % drop from 30.8 to 19.6 thousand hectares. Despite the significant impact of the large tributary Selemdzha, the Zeya floodplain's flooding regime has changed in the river's lower reaches as well.
The meadows area has grown from 127.7 to 137.9 thousand hectares (7.9 %) due to abandoned farmlands being turned into meadows. The forest area has almost quadrupled (from 1.4 to 5.3 thousand hectares). The scrubs and trees area has nearly doubled in size, from 5.3 to 10.3 thousand hectares; such changes could happen due to frequent fires. According to the global fire monitoring program and the archive data (Giglio et al., 2016) , about 4.5 thousand sites of fire were registered in the lower reaches of the river Zeya throughout the previous decade only (in 2006-2016) . Due to this permanent pyrogenic factor, the dominant vegetation type is changing from forest to arboreal and shrubby; the species composition of flora and fauna alike is becoming less diverse.
The settlements area has grown from 3.8 to 5.6 thousand hectares. The farmlands area has reduced insignificantly (a 6.6 % reduction from 49.0 to 45.7 thousand hectares): development of virgin lands and the ploughing of large land areas were major activities in 1969/1971. However, since the early 2000s, the farmed land area in the lower reaches of the Zeya River has grown again. Calculations based on the remote data collected by the Landsat satellite revealed that arable land area had doubled between 2002 and 2016, from 14.5 to 29.8 thousand hectares. The area of abandoned agricultural lands, including the so-called fallow lands (ploughed and weeds-free but not sown) has grown too, from 8 thousand hectares in 2002 to 13.7 thousand in 2016. The analysis confirms the thesis that flow regulation and flood control lead to the transformation of natural ecosystems caused by the subsequent active development of agriculture (Brykina, 2017; Shalikovsky and Kurganovich, 2011) .
Conclusions
Large dams affect freshwater ecosystems and cause extensive environmental impacts downstream from the dam. The alteration of the freshwater ecosystems affects the floodplain habitats of flora and fauna and causes changes in land use; this can lead to biodiversity loss. Remote sensing data is useful for monitoring surface area of the objects and their changes. As for the study area, the surface areas of lakes in both floodplain sections of the Zeya River have decreased in size which likely indicates that the landscape is changing due to the changed flow regime. Small streams of the floodplain have also reduced, with some of them turning from a continuous stream into a chain of oxbow lakes. The wetland area has significantly decreased in the second floodplain section. The impact of the dam in the lower reaches of the Zeya is less pronounced due to the long distance from the dam and the increased lateral inflow. The forest area has grown in both sections; a possible explanation for this being the accelerated vegetational fluctuations in the floodplain due to the changed flow regime. The abandoned agricultural lands have mostly become meadows and it explains the growth of meadow territories in both sections. The conducted study can serve as a basis to assess the impact of the Zeya dam operation on the biodiversity of the freshwater ecosystems of the AmurHeilong basin.
